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ABSTRACT.—Beavers (Castor canadensis) create numerous scattered wetlands in the south-
eastern United States that alter the composition of aquatic and adjacent terrestrial commu-
nities. However, the influence of beaver ponds on communities of amphibians and reptiles
(herpetofauna) is poorly known. We used drift fences, coverboards and aquatic traps to
compare herpetofaunal communities from unimpounded streams (n = 3) with those of
beaver ponds (n = 3) in the Piedmont of South Carolina during 1998 and 1999. We also
characterized differences in environmental and upland habitat attributes between beaver
ponds and unimpounded streams. There were no significant differences in overall herpe-
tofaunal abundance between unimpounded streams and beaver ponds, although significantly
more salamanders were captured at unimpounded streams and significantly more anurans,
lizards and turtles were captured at beaver ponds. Estimates of amphibian and reptile species
overlap were high for beaver ponds and unimpounded streams. However, the richness (8),
diversity (H') and evenness (J') of amphibians were significantly higher at unimpounded
streams than at beaver ponds. In contrast, the abundance, richness and diversity of reptiles
were significantly higher at beaver impoundments. Differences in amphibian and reptile
community attributes between beaver ponds were related to the lotic or lentic habitat re-
quirements of individual species and the effects of beaver impoundments on surrounding
terrestrial habitats. Our study indicates that natural disturbances resulting from beaver-cre-
ated wetlands increase regional abundance and diversity of herpetofauna.

INTRODUCTION

Beavers (Castor canadensis) can substantially modify forest landscapes (Grasse, 1951; H:
1982; Johnston and Naiman, 1990). Impoundment of free-flowing streams by beavers ¢
significantly modify ecosystem processes, including nutrient availability, cycling and tra
portation (Naiman et al., 1986), water and decomposition characteristics (Smith ef al., 19
Hodkinson, 1975) and the composition of aquatic and terrestrial communities (Edwar
and Guynn, 1984; Johnston and Naiman, 1990; Snodgrass, 1997).

Beaver ponds create openings in forest landscapes that influence animal, plant and h:
itat diversity (Snodgrass, 1997) and, when compared to unimpounded streams, suppc
more diverse communities of fishes (Hanson and Campbell, 1963; Pullen, 1971; Snodgr
and Meffe, 1998), waterfowl (Beard, 1953; Arner, 1963; McCall ¢t al., 1996), nongame bir
(Reese and Hair, 1976; Lochmiller, 1979), mammals (Beard, 1953; Neff, 1957; Webster
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were only partially submerged so that captured animals had access to air. No turtle traps |
were used in the unimpounded streams because of shallow water depth.

All captured individuals were identified to species, sexed (when possible) and marked.
Lizards, salamanders, frogs and toads were marked by toe-clipping, but not for individual
identification (Ferner, 1979). Snakes and turtles were measured, weighed and marked in-
dividually. Snakes were marked by clipping ventral scales (Brown and Parker, 1976) and
turtles by notching marginal scutes (Cagle, 1939). Marked snakes and turtles were released
at the site of capture the following day. All animals captured at drift fences were released
5 m away and on the opposite side of the fences to prevent immediate recapture of indi-
viduals. Coverboard captures were replaced under the boards. Drift fences and coverboards
were checked 5 d wk~!. Minnow and turtle traps were set and checked 5 consecutive days
month-!, All capturing, handling and marking protocols were reviewed and approved by
the Clemson University Animal Research Committee (ARC Protocol 97-009). )

Environmental and habitat attributes.—Daily air temperatures and precipitation were re-
corded at each wetland area using Taylor maximum/minimum thermometers and plastic
rain gauges. Water temperatures-were recorded every 2 h at each wetland using electronic
data loggers. We also noted general weather conditions during sampling (e.g:, cloud cover,
passing weather fronts).

We established circular 0.04 ha plots centered« at the middle of three drlft fences at each
of the study sites to sample overstory and midstory vegetation and ground cover (e.g., leaf
litter depth, coarse woody debris) in October 1998, before autumn leaf fall. Within each
circular plot we measured the diameter of all trees to determine the basal area of overstory
trees (>11.43 cm dbh) ‘and saplings (>2.54 cm dbh). Litter depth, length and diameter of
coarse woody debris and the mean height of herbaceous vegetation, shrubs and vines within
each plot were also measured. Canopy cover was measured using a spherical densitometer.
Each circular plot was divided into quadrants, then a square meter plot was randomly placed
at two locations within each quadrant and the cover of shrubs and seedlings, herbaceous
vegetation and leaf litter within each m? was estimated. The means of these estimates were
used to calculate the percent cover for each variable. Because dead standing trees (snags)
on the CUEF rapidly contribute to coarse woody debris on the forest floor (Moorman et
al., 1999), we included this variable in our analysis. We did not, however, classify snags by -
species.

- Statistical analysis.—We calculated species richness (S; Margalef, 1958), evenness (J
Pielou, 1969) and diversity (H'; Shannon, 1948) for amphibian and reptile communities at .
each site. Student’s #tests (Brower et al., 1990) were calculated to compare values of rich-
ness, evenness and diversity between unimpounded streams and beaver ponds. We also
determined abundance for each species and each order or suborder (frogs and toads,
salamanders, turtles, lizards and snakes). We then compared the abundance of orders and
suborders and of individual species between ponds and streams using #tests. Because turtle
traps were not set in ummpounded streams, data from turtle traps (at beaver ponds) were
left out of statistical comparisons of abundance.

Snodgrass and Meffe (1998) showed that beavers influence the upstream gradient of fish
species richness. Because abundance. of some herpetofauna, especially stream-dwelling sal-
amanders; may be negatively influenced by populations of predatory fish (Conant and Col-
lins, 1998), we used a General Linear Model Procedure (GLM) and Tukey’s Studentized
Range Tests (SAS Institute, 1995) to evaluate gradients in herpetofaunal and salamander
abundance at unimpounded streams.

Differences in means of environmental and habitat attnbutes between unimpounded
streams and beaver ponds were evaluated with. #tests. Since environmental data were col-
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lected for all of 1998, but only for January through May of 1999, differences in means were
eviluated only for months in which data were collected during both years. We used Pearsor
iproduct-moment correlations to assess relationships between captures of herpetofauna anc
ironmental and habitat attributes that differed significantly among sites. Vegetation sur
veys were conducted only in 1998, so only herpetofaunal data from 1998 were used fos
correlations with habitat attributes. Means are reported 1 sp unless otherwise noted. Sta
tistical analyses were carried out using JMP 8.1 (SAS Institute, 1995) and significance levels
were set at a = 0.05 for all analyses. ‘

oo : .

R - RESuLTS

Herpetofaunal communities.—We captured a total of 4616 individuals representing 49 spe
es (24 amphibians, 25 reptiles) during the entire study (Table 1). Amphibians accountec
. f0f'87.1% of all captures, of which anurans (frogs and toads; 11 species) comprised 54.0%
* (Tdble 1). Lizards, turtles and snakes comprised 39.6%, 36.9% and 23.5% of reptile cap
~tures, respectively (Table 1). American toads (Bufo americanus) were captured most often
and. comprised 32.9% of total captures, followed by seal salamanders (Desmognathus mon
tidola; 8.9%), mountain dusky salamanders (D. ockrophaeus; 8.9%), northern dusky sala
m;ﬁjﬁders (D. fuscus; 6.6%) and green frogs (Rana clamitans; 5.6%) (Table 1).-

. Impoundment gfffects on herpetofauna.—We captured 2664 individuals representing 42 spe
of herpetofauna at unimpounded streams and 1952 individuals representing 47 species
eaver ponds (Table 1). The total abundance of herpetofauna did not differ significantly

een unimpounded streams and beaver ponds (Table 1). However, reptiles, turtles, liz:
s and anurans were significantly more abundant at beaver ponds than along unimpound
treams (Table 1), whereas salamanders were significantly more abundant at unimpound
“streams than at beaver ponds (Table 1). Three lizards (Eumeces Jasciatus, Sceloporu
ulatus, Scincella lateralis), one snake (Storeria dekayi), three turtles (Chrysemys picta,
ydrq serpentina, Sternotherus odoratus) and five anurans (Acris crepitans, Bufo american
yiRana clamitans, R. palustris, R. sphenocephala) were significantly more abundant at
der ponds (Table 1), whereas two snakes ( Carphophis amoenus, Diadophis punctatus) and
eight salamanders (Desmognathus fuscus, D. monticola, D. ochrophaeus, D. quadramaculatus,
Burycea cirrigera, Gyrinophilus porphyriticus, Plethodon jordani, Pseudotriton ruber) were sig-
nificantly more abundant along the margins of unimpounded streams (Table 1). Two pond-
bréeding salamanders (Notophthalmus viridescens, Ambystoma maculatum) were twice as
:’-,..a:biémdan't at beaver ponds than at unimpounded streams, but these differences were not
vsi@jﬁ'ﬁcant (Table 1). There was no significant difference, for all species combined, in the
_abutidance of adults and Juveniles between unimpounded streams and beaver ponds (P =

0.12). ' ' ; :

Species diversity (H') of herpetofauna was significantly higher at beaver impoundments
than at unimpounded streams, but evenness (J') of herpetofauna was significantly higher
.at unimpounded streams than at beaver ponds (Table 2). There was no significant differ-
“ence. in species richness (S) of herpetofauna between beaver ponds and unimpounded
streams (Table 2). Richness (S), diversity (H') and evenness (J') ‘of amphibians were sig-

nificantly higher at unimpounded streams, whereas reptile richness (S) and diversity (H')

were significantly higher at beaver ponds (Table 2). We detected no upstream gradient in

herpetofaunal abundance (P = 0.72) or abundance of salamanders (P = 0.69).

Habitat and environmental attributes.—Despite variation in species composition (Table 3),
there were no significant differences in the basal area of overstory or sapling trees between
“unimpounded streams and beaver ponds (Table 4). Nor were there significant differences
in ganopy cover, cover of seedlings and vines or volume of coarse woody debris between

:
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TABLE 1.—Number of individuals of herpetofaunal taxa captured from unimpounded streams and
beaver ponds in the Clemson University Experimental Forest, South Carolina Piedmont, 1998-1999

Taxonomic group .Commeon name Streams  Ponds Total
REPTILIA
Lacertilia (lizards)
Anolis carolinensis Green anole 25 " 35 60
Cnemidophorus sexlineatus * Six-lined racerunner 1 3 4
Eumeces fasciatus* Five-lined skink 22 43 65
Ewmeces inexpectatus Southeastern five-lined skink 4 0 4
Ewmeces laticeps Broadhead skink 2 6 8
Scincella lateralis* Ground skink 15 32 47
Sceloporus undulatus* Fence lizard 10 38 48
Total lizards* 79 157 236
Serpentes (snakes)
Carphophis amoenus* Worm snake 24 4 28
Coluber constrictor Northern black racer 4 6 10
Diadophis. punctatus* Southern ringneck 38 2 40
Elaphe obsoleta Black rat snake ~ 2 5 7
Heterodon platyrhinos Eastern hognose snake 1 1 2
Nerodia sipedon Northern water snake 14 3 17
Opheodrys aestivus . Rough green snake 0 2 2
Regina septemvittaia 'Queen snake 1 1 2
Storeria dekay* Northern brown snake 6 2 28
S. occipitomaculata Redbelly snake - 0 2 2
Thamnophis sirtalis Eastern garter snake 1 1 2
Total snakes 91 49 140
Testudines (turtles)
Chrysemys picta* Eastern painted turtle 0 86 86
Chelydra serpentina* Snapping turtle 1 25 26
Kinosternon subrubrum Eastern mud turtle 1 9 10
Pseudemys concinna River cooter 0 1 1
Sternotherus odoratus* Common musk turtle 0 44 44
Terrapene carolina Eastern box turtle 28 22 50
Trachemys scripta Yellowbelly slider 0 3 3
Total turtles* 30 190 220
Total reptiles* 200 396 596
AMPHIBIA
Anura (frogs and toads) |
Acris crepitans*® ‘Northern cricket frog 42 61 103 :
Bufo americanus* American toad 552 968 1520 |
B. fowleri Fowlers toad 87 79 166 |
Gastrophryne carolinensis Eastern narrowmouth toad 7 2 9 ’
Hyla chrysoscelis Gray treefrog 2 0 2
H. crucifer Spring pepper 1 7 8 J
* Pseudacris triseriata Upland chorus frog 1 1 2
Rana catesbeiana Bullfrog 8 33 41
R. clamitans* Green frog 80 182 262
R. palustris* _Pickerel frog 0 17, 17
R. sphenocephala* - Southern leopard frog 4 37 41
Total anurans* ‘ 784 1387 2171
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. Taxonomic group Common name Streams  Ponds Total
~.Gaudata (salamanders)

i Ambystoma maculatum Spotted salamander 11 27 38

Desmognathus fuscus* Northern dusky salamander 302 7 309

D, monticola* - Seal salamander 413 2 415

- D,.ochrophaeus* Mountain dusky salamander 402 10 412

~ D. quadramaculatus* Blackbelly salamander 142 1 143

~‘Burycea cirrigera® Southern two-lined salamander 161 12 128

E. guttolineata Three-lined salamander 31 28 5¢

Gyrinophilus porphyriticus* Northern spring salamander 83 1 84

' Notophthalmus viridescens Red-spotted newt 25 51 7€

Plethodon glutinosus Northern slimy salamander 42 15 57

“P jordant* Jordan’s salamander 41 3 44

Pseudotriton montanus Eastern mud salamander 3 2 5

P, ruber* Red salamander 69 10 79

Total salamanders 1680 169 184¢

Fotal amphibians 3248 1556 402(

Total herpetofauna captures 2664 1952  461¢

A Differed significantly (P = 0.05)

ounded streams and beaver ponds (Table 4). However, vertical measurements

ous vegetation and shrubs and percent cover of herbaceous vegetation were sigr

¥ higher at beaver ponds (Table 4}, and percent cover and depth of leaf litter we

atitly higher at unimpounded streams (Table 4). Abundances of several taxonon
e significantly correlated with several habitat attributes (Table 5).

Fagé thaximum and minimum daily temperatures during the study were 21.9 C a

tange = —11.0-40.0 C). Both maximum (P < 0.01) and minimum (P < 0.C

-%Mean species diversity (H'), evenness (J') and richness (S) of herpetofauna at uni
ed*sfteams and beaver ponds in the Clemson University Experimental Forest, South Carol
iedmont, 1998-1999

&3

Divérsity H") Evenness (J') Richness (S)

2.72 - 0.80 15.88

2.76 " 067 14.83

] <0.01 <0.01 0.21
Reptiles'!

, Streams 1.10 091 3.72

“Pondst 1.49 0.90 6.08

“Pvalue <0.01 0.42 <0.01
‘Amphibians

" Streams 2.00 0.81 12.15

" Ponds 1.34 0.63 ; 8.75

" P-value <0.01 <0.01 ‘ <0.01
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TABLE 3.—Dominant overstory and sapling species at unimpoundéd streams (n = 3) and beaver
ponds (n = 3) in the Clemson UniversityAExperimental Forest, South Carolina Piedmont, 1998-1999

Species ) . Basal area (m?/ha)
Streams
Ovérstory
Yellow poplar (Liriodendron tulipifera) ‘ 26.1
Sourwood (Oxydendrum arboreum) 6.8
Hickory (Carya spp.) 6.3
White oak (Quercus alba) ‘ Co ’ 5.7
Saplings ‘
Dogwood (Cornus florida) ‘ , 0.7
Rhododendron (Rhododendron spp.) 0.4
Sourwood (O. arboreum) 0.3
Beaver ponds
Overstory
Sycamore (Plaianus occidentalis) 48.7
Hickory: (Carya spp.) 10.6
Box elder (Acer negundo) ‘ 10.3
Saplings .
Privet (Ligustrum sinense) 9.7
Box elder (A. negundo) 0.6
Willow oak (Q. phellos) , 0.2
temperatures were significantly higher in 1998 than in 1999. Maximum air temperatures
were significantly higher at beaver ponds than at unimpounded streams during October (P

= 0.02) and December (P = 0.02) 1998 and January (P = 0.02) 1999. Minimum temper-
atures were significantly lower at unimpounded streams than at ponds during March (P =

TABLE 4—Means (SD) of habitat variables measured at unimpounded streams (n = 3) and beaver
ponds (n = 3) in the Clemson University Experimental Forest, South Carolina Piedmont, 1998-1999.
Differences between streams and beaver ponds were evaluated with stests

Variable Streams Beaver ponds P-value
Canopy cover (%) 92.67 (3.2) 85.67 (5.7) 0.44
Basal area trees (m2/ha) - 104.17 (69.1) 128.52 (121.1) 0.61
Basal area saplings (m?/ha) 5.53 (3.1) 12.21 (22.8) 0.44
Number of seedlings 26.11 (13.7) 37.75 (17.8) 0.15
Seedling % cover 2.86 (3.4) 20.75 (22.4) 0.06
Herbaceous % cover 20.61 (9.8) 51.57 (16.1) <0.01
Vine % coter ) : 4.08 (4.4) 8.23 (16.7) 0.51
Total % cover 27.55 (10.4) 80.55 (25.8) 0.28
Vertical height herbs (m) 0.17 (0.1) 0.51 (0.2) <0.01
Vertical height shrubs (m) 0.06 (0.0) 0.26 (0.2) : 0.04
Vertical height vines (m) 0.11 (0.1) 0.25 (0.2) 0.18
Woody debris (m3/ha) 17,051 (12,166) 9,913 (11,499) 0.23
Litter depth (cm) 3.33 (0.5) 1.49 (0.5) <0.01

Litter cover (%) 87.82 (8.1) 73.55 (17.5) 0.05









